The use of microalgal biomass is an interesting technology for the removal of heavy metals from aqueous solutions owing to its high metal-binding capacity, but the interactions with bacteria as a strategy for the removal of toxic metals have been poorly studied. The goal of the current research was to investigate the potential of Burkholderia tropica co-immobilized with Chlorella sp. in polyurethane discs for the biosorption of Hg(II) from aqueous solutions and to evaluate the influence of different Hg(II) concentrations (0.041, 1.0, and 10 mg/l) and their exposure to different contact times corresponding to intervals of 1, 2, 4, 8, 16, and 32 h. As expected, microalgal bacterial biomass adhered and grew to form a biofilm on the support. The biosorption data followed pseudo-second-order kinetics, and the adsorption equilibrium was well described by either Langmuir or Freundlich adsorption isotherm, reaching equilibrium from 1 h. In both bacterial and microalgal immobilization systems in the coimmobilization of Chlorella sp. and B. tropica to different concentrations of Hg(II), the kinetics of biosorption of Hg(II) was significantly higher before 60 min of contact time. The highest percentage of biosorption of Hg(II) achieved in the co-immobilization system was 95% at pH 6.4, at 3.6 g of biosorbent, 30 ± 1°C, and a mercury concentration of 1 mg/l before 60 min of contact time. This study showed that co-immobilization with B. tropica has synergistic effects on biosorption of Hg(II) ions and merits consideration in the design of future strategies for the removal of toxic metals.
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Introduction
Contamination of aquatic systems caused by mainly industrial anthropogenic activities is a global environmental problem, especially the presence of pollutants such as heavy metals (Hg, Pb, Cd, etc.), which are commonly associated with the loss of environmental quality due to the permanence and recalcitrance of these elements in the environment [1, 2] .
This has led to proposals for different strategies, including biosorption, which is a promising technology for removal of heavy metals from aqueous solutions and is a process involving ion-exchange and complexation, where biomaterial is engaged as a sorbent [3] . Biosorption has distinct advantages over conventional methods (e.g., ion exchange, adsorption on activated carbon) [4], because it does not produce chemical sludges, could be highly selective, is more efficient, uses low cost materials, uses minimal chemicals, and is easy to operate and hence cost effective for the treatment of large volumes of wastewaters containing low pollutant concentrations [5] [6] [7] .
The use of microbial biomass of algae, cyanobacteria, fungi, and bacteria has proven to be capable of sequestering metal by the process of sorption, even from dilute solutions [8, 9] . Compared with some similar microbial biomass, the biosorption capability of heavy metals in microalgae is of particular interest for its high metal-binding capacity, which has proven to be better [10] , as evidenced by their high q m a x (the parameter reflecting maximum metal sorption capacity), because of their large surface area and complex cell wall, which is composed of a similar fiber structure and amorphic matrix with several embedded polysaccharides [11, 12] . Inthorn et al. [13] , Brinza et al. [14] , and Kumar et al.
[15] elaborate the role of some microalgae species as biosorbents for metal uptake (Cd, Co, Cr, Hg, Ni, Pb, Zn, As, Mo, Se, and others).
The most common microalga used in the biosorption process is Chlorella due its excellent adsorption capacities [16] [17] [18] [19] . Chlorella sp. is a unicellular green alga, mainly marine, that is able to grow in fresh water and is abundant in coastal waters. Its cell size is around 2-10 µm and it multiplies by spores. Its rigid wall consists of 22.6% cellulosic material, and the rest is formed by other polysaccharides [20] . However, the small size of the microbial cells has introduced a problem in the application of biotechnology processes, which is why some researchers have experimented with immobilized biomass, obtaining better results than those obtained with free biomass [21] [22] [23] .
Various natural and synthetic gel matrices have been tried for the immobilization of microalgal cells to removal heavy metals [24] . Their use is limited by their insufficient mechanical strength and lack of open spaces to accommodate active cell growth, resulting in their rupture and cell release into the growth medium [25] . However, it has been reported that the results obtained with immobilization by adhesion to polyurethane foam are very promising, considering the low cost of this material as compared with sodium alginate and carrageenan, as the support is suitable for application in a large-scale process [26, 27] .
In recent years, efforts to improve this system began to exploit another feature of microalgae related to their natural associations with bacteria [28] . Both bacteria and microalgae have developed mechanisms of resistance to tolerate the effects of environmental conditions, such as the harmfulness of toxic metals [22, 29] .
Some bacterial species from the Azospirillum and Burkholderia genera, among others, are promoters of growth in both plants and microalgae [30] . Burkholderia tropica (Beta-Proteobacteria) is a promising candidate for biotechnological applications. This N 2 -fixing bacterium exhibited activities involved in bioremediation, plant growth promotion, or biological control in vitro [31, 32] . In addition, it is one of the nonpathogenic species within this genus [33] , which facilitates its handling under laboratory conditions. In fact, many studies have reported microalgaebacterial consortia immobilized for bioremediation or wastewater treatment, mainly by affecting hormonal metabolism and mineral absorption [16, [34] [35] [36] .
In the above context, the goal of the current research was to investigate the potential of B. tropica as a growth-promoting bacterium on Chlorella sp. applied to the biosorption of mercury from aqueous solutions, and to evaluate the influence of different mercury concentrations and contact times on the biosorption process. This was carried out when both microorganisms were co-immobilized on polyurethane discs. Further adsorption kinetics and equilibrium were also established.
Materials and Methods
This study is experimental and was divided into two phases: a field phase and a laboratory phase.
Water Samples
Water samples were taken in a coastal wetland (Mallorquin swamp), located in the Colombian Caribbean coast in northeastern Colombia [37] . This is an aquatic ecosystem that is highly urbanized and industrialized, because the chemical, petrochemical, pharmaceutical, metal mechanical, agrochemical, and fishing
